T he phase equilibrium diagram for the system Nb,Os-GeO, has been dete rmined experimentally, using the quenc hing tec hnique and examining the samples by optical microscopy and x·ray powder diffractometry. The system contains one compound, 9Nb,Os' GeO" wh ic h melts Inco ngruently at 1420 0c. A eutectic be tween this compou nd and GeO, is located at about 97 mol pe rcent GeO, and 1090 °C . The system doe s not show liquid immiscibility, and it is concluded that the ionic fi eld strength limit for two·liquid separation in the series of glass form ers occurs with the Nb+ s cation .
Introduction
Liquid immiscibility in binary oxide systems appears to be confined to the glass forming systems. In a systematic search for the principles underlying two· liquid formation it is necessary to examine the effect of differe nt glass-forming cations, e.g., B+3, Ge+4, Si+4 , and also of different modifier cations, i.e., with varying charges and ionic radii . Many binary phase diagrams of glass formers with modifier oxides from Groups I and II of the Periodic Table have bee n re porte d [1] .1 Only a few systems with modifier oxides from Groups III and IV have been reported. Two pertinent systems from Group V have bee n published: Nb20s-Si02 [2] and Nb20 s -V20 S [3] . Finally, in Group VI, phase relationships in the system W03 -B20 3 [4] have bee n established.
Determination of the phase diagrams of Nb20 s with B20 3 , Ge02, and P 20 S has bee n undertaken in order to complete the study of the effect of a cation of high charge (Nb+ 5 ) on immiscibility in a series of glass formers. This paper, therefore, reports the phase equilibrium relations in the Nb20 s -Ge02 system and its bearing on immiscibility.
. Sample Preparation and Test Methods
Starting materials for the preparation of mixtures consisted of high purity niobium pentoxide and electronic grade germanium dioxide, designated by the manufacturers as over 99.7 percent and 99.9 + percent pure, respectively. The Nb20 s contained the following impurities when examined by the general qualitative spectrochemical method: Si -less than 0.1 pe rcent; Fe, Sn, Ti-O.OOI to 0.01 percent; Ca, Mg-0.0001 to 0.001 pe rcent, Cu -? Spectrographic analysis of t he Ge02 showed: Si -0.001 to 0.01 percent; Ca, Mg-O.OOOI to 0.001 percent; C u -Iess than 0.0001 percent, Ag, AI, Fe-? I Figures in brac kets indi cat e th e lit erature refere nces at the end of thi s paper.
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Calculated amounts of Nb20 s and Ge02 sufficient to yield 4-g batches, on an ignited basis, were weighed into plastic containers and blended with a high-speed mechani cal mixer. The mixtures were formed into discs 16 mm in diameter by pressing in a mold at approximately 20,000 Ib/in 2 . The disks were placed in covered platinum crucibles and calcined in air at 800 °C [or 15 hI', using an electrically heated furnace . Th e fired disks were ground in an agate mortar, remixed, pressed, and given a second heat treatme nt at about 900 °C for 12 hr. The comple te process of grinding and pressing was repeated a third time, and the specim ens were heated in the range of 900 to 1000 °C for 12 hr. Formulated compositions were used in cons tructing the phase diagram. Analyses of two small samples for Nb20 s only, by the Analytical Chemistry Divi sion, were about 0.75 percent low.
Th e qu e nc hing technique was used to obtain subsolidus and liquidus data on samples sealed in Pt tubes. Constant temperature con trol of the quenching furnace to within ± 2 °Cwas achieved with a selfadjusting a-c bridge -type con troller. Quenched samples were exami ned with the binocular and polarizing mi croscopes and by x-ray powder diffractometry (Nifiltered CuKa radiation) using a hi gh-angle Geigerco unter diffractom e ter. The tec hnique of sample preparation as well as the apparatus and method have been described in previous publication s [5] .
The solidus value was deduced from observation of the first temperature at which the sample showed slumping, co upled with x-ray evidence that one of the phases was disappearing. The liquidus temperature was indicated by the formation of a concave meniscus, coupled with microsco pic evidence of a quenched glass (for several compositions rich in Ge02) or x-ray evidence of large amounts of lowtemperature niobia-type phases. The polarizing microscope was of limited value in the latter case.
Temperatures were measured with a Pt versus 90 P t : 10 Rh thermocouple which was taken from lengths of thermocouple wire which originally had been calibrated by the temperature physics section. 
Nb e 0 5 9 Nb 2 0 5 ' Ge0 2 Ge0 2 , MOL.% FIGURE 1. Phase equilibrium diagram fo r the system Nb20 5 -Ge02 .
• -No melti ng; ~-part i a l me lti ng; O -complete me lting, H -Nb 2 0~-High-t e mp e ratur e form of Nb20 5 • H -Ge02 -Quartz form of Ge02. The Ge02 used as starting material was the hightemperature (quartz form) polymorph, and it was the only form detected throughout the experiments. In pure GeOz the transition from the low to the high form is given at 1007 °C [11] , and the phase diagram is constructed on the assumption of no solid solubility of niobia in germania.
. Results and Discussions
3.2. Phase Diagram 3 . 1. N~0 5 and Ge02 Components Figure 1 shows the phase diagram for the system. No quenching experiments were made with the components, as they were the same materials that had been used previously in phase equilibirum studies originating in this laboratory [3, 6, 7] . Table 1 lists the compositions studied, the important heat treatments, and the phases identified, as well as the indices for several quenched phases. The system is characterized by one eutectic point at about 97.0 mole percent, Ge02 (3.0% Nb20 5) and 1090 °C and by one peritectic point at about 25 percent Ge02 (75% Nb20 5) and 1420 dc. The latter temperature corresponds to the incongru e nt melting point of 9Nbz0 5 • Ge02 , the only binary compound found in the system. The Nb20 5 used as starting material gave an x-ray pattern of poorly crystalline low-Nb20 5 [8] . The socalled high temperature, monoclinic form [9] was the only stable modification e ncountered in the present work. This finding agrees with that reported in studies of other binary phase diagrams [9, 10] . Nonequilibrium.
N on e qui~ibrium .
At d eco mp. 9 N bt O~ . Ge 0 2.
:1 Ph ases ind e ntified are lis ted in orde r of amount pre sent a t room te mp e rature . Brac ket s e nclose phases not nece s s arily pre sent at th e ele va t ed te mpe rature o r no t belie ved to be in fin a l equilibrium Onl y th e hi gh-t e mpe r a ture. hex agonallquartz form) of GeO AH ·Ge Ot) was obse rved in these ex· p e rim e nt s . H -Nb: . ! .O:; and L -N b.2 0 s refer to high a nd low te mp e rature fo rm s . res pec tively. Glass identifi e d as a bro ad diffu se ba nd in 180 to 28 0 -28 ra n ge.
~ Thi s ph ase qu e nc hed from the liquid indexes on a p se ud o-orthorho mbic b asis (tabl e 2) .
Compound 9Nb20 S • Ge02
This compound was reported by Waring and Roth [12] to be a tetragonal phase conforming to the general type 10M20 S • 90M~Os apparently isostructural with Ta20s·2Nb20s. The existence of this phase and the unit cell dimensions 2 were verified in the present study. The phase formed readily throughout the system at temperatures above 1000 0c. Decomposi· tion of the phase above the incongruent melting point (1420 °C) was sluggish. For example, a sample of composition 85 percent Nb20 s heated at 1433 °C for 9 hr ( 
Res ults of the pres e nt study are consistent with the 9: 1 ra tio and indicate no solid solution region. However, limitations in the se nsitivity of microscopic and x-ray de tection of homogeneity preclude an uneq uivocal s tate ment of the co mpound composition. For exa mple, the ratio lONb20 s ' Ge02 contains 90.9 mole perce nt Nb20 s, and would not be distinguishable from the 9: 1 composition.
Metastable Phases Quenched From Liquid
Two metastable low niobia-like phases were obtained from quenched liquids (see table 1, footnotes d and e, and table 2). Samples of composition 50 Nb20 5 : 50 Ge02 and richer in niobia when qu e nc hed from the liquid gave a phase that could be partially ind exed on the basis of 10w-TatOs [13] . The several unind exed peaks (table 2) 
metastable phase. Furthermore, as some Ge02-rich glass was present in the quenched specimens, the exact composition limits of the metastable phases cannot be specified.
Application to Liquid Immiscibility Theory
From the standpoint of liquid immiscibility considerations, this system is noteworthy because of the absence of expected immiscibility. It is instructive to consider the following binary systems of Nb20 s with the glass formers: B20 3 , Si02, and Ge02 .
The Nb20s -B20 3 [14] and Nb20s-Si02 [2] systems have large regions of immiscibility, whereas the Nb20 s-Ge0 2 system s hows comple te mi scibility. In the hexavale nt group of modifier cations, only the W03 -B20 3 system has been reported [4] ; and this system does not exhibit liquid immiscibility. The ionic fi eld stre ngth 3 (U.s.) of Nb +s is greater than that of Ge +4, sli ghtly greater than that of B+3, and less than that of Si H ; the iJ.s. of W +6 is co nsiderably greater than that of B+3 , Ge H , and Si H .
From the above information on immiscibility in oxide systems and i.f.s. of the modifier cation s it may be conclud ed that the exis te nce of immiscibility, per se, is not directly related to the exte nt of immiscibility. Wh ereas s tructural co nsiderations de termine th e 3 e.g., calculated as (R + 1 1.40)2 ' whe re Z is th e cati onic charge and R+ and 1.40 ar c th e ioni c radii of th t: calion a nd oxyge n, respective ly. extent of the immiscible region [IS], i.f.s. relationships between the glass-forming cation and the modifier cation largely govern the presence or absence of immiscibility. Just as the differen ces in i.f.s. between the modifier cation with oxygen and the glass-forming cation with oxygen can be too large to produc e immiscibility , they may also be too s mall. The maximum i.f.s. difference occurs in the series of glass formers with Ba+ 2 , and the minimum occurs with Nb +;;. It may also be concluded that none of the hexavalent ions, e.g., MO +6, Te + 6 , Cr + 6 , will show immiscibility phenomenon. These principles will be elaborated in future publications [16] .
Summary
The phase equilibrium diagram for the system Nb20 5 -GeOz has been constructed from "quenching" data on 13 selected compositions. Solidus and liquidus values were determined by examination of the samples with the binocular and polarizing microscopes and x-ray powder diffractometry.
The system was found to contain: one compound, 9Nb20 5 • Ge02, melting incongruently at 1420 °C; one eutectic point between Ge02 and the compound, located at about 97 mole percent Ge02 and 1090 °C; and one peritectic point at about 2S mole percent Ge02 and 1420 0c.
Although the 9: 1 ratio of oxides in the 9Nbz0 5 • Ge02 compound is consistent with the results, various limitations in the experimental method preclude an unequivocal statement as to the exactness of this ratio.
Two metastable low niobia-type phases were obtained from quenched liquids. A quenched liquid of composition SONb20;;: SOGe02 gave an x-ray powder pattern that could be partially indexed on a subcell of low Nb20 Application of the results to liquid immiscibility theory leads one to the conclusion that a cation may have too strong an ionic field strength, as well as one that is too weak, to produce two-liquid separation. Furthermore, the limiting maximum occurs in the series of Nb20 5 with the glass formers, as B20 3 and SiOz both show large regions of immiscibility.
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